The 
Introduction
The terminal heat stress can be a problem in up to 40 per cent of the irrigated wheat growing areas in the developing world which cover 36 m ha (Reynold et al., 2001) . High temperature (> 30 ºC) during grain filling stage is one of the major constraints in increasing productivity in wheat in tropical countries like India (Rane and Nagarajan, 2004) . According to an estimate there are currently around 9 m ha of wheat in tropic and subtropics areas that experience losses due to high temperature stress. In India alone around 13.5 m ha of area is under heat stress (Joshi et al., 2007) . In India, incidences of high temperatures at the time of grain filling are more pronounced when sowing of wheat is delayed due to delay in harvest of highly remunerative preceding crops such as scented rice or cotton (Joshi et al., 2002) . Intensity of high temperature is likely to become much larger if current trends and future predictions about global warming continue. For improvement of heat tolerance, information on the genetic control of grain yield and associated characters under heat stress and identification of good combiner parents /crosses are primary requirements.
The information about gene effects including mean (m), additive gene effects (d), dominance gene effect (h), and three types of non-allelic gene interactions, viz., additive x additive (i), additive x dominance (j) and dominance x dominance (l) and nature of epistasis is useful in deciding breeding procedures to be adopted for the improvement of quantitative traits like yield and high temperature tolerance (Singh and Singh, 1992) . This paper deals with the gene effects for important traits, contributing to grain yield under normal and heat stress conditions during grain filling stages (terminal heat stress), in six wheat crosses. ) . The non-segregating generation, parents and F 1 's were grown in single row each and segregating generations F 2 and BS 1 in 10 rows each and BC1 in three rows of 2.0 meter length. The row to row distance was kept 30 cm, whereas, plant to plant distance within row was 10 cm. All recommended package and practices to raise a good crop in field were observed.
Material and Method
Statistical procedures: Joint scaling test were carried out as per Cavalli (1952) as described by Mather and Jinks (1982) .
Result and Discussion
Scaling Tests: Joint scaling test revealed the presence of epistasis for most of the characters in all the six crosses studied in normal and late sown environments except a few cases like in PBW 343 x WH 283 for number of grains per spike (E 1 );in PBW 343 x WH 542 for days to 50 % flag leaf emergence (E 2 ), number of tillers per plant (E 2 ), biological yield per plant (E 1 ), grain yield per plant (E 1 ) and harvest index (E 1 ); in PBW 343 x PBW 435 for days to anthesis and number of tillers per plant (E 1 ),in UP 2565 x UP 2425 for days to 50% flag leaf emergence and days to anthesis (E 1 ); in EIGN 1 x Raj 3765 for number of tillers per plant (E 1 ) and in EIGN 8 x UP 2425 for number of grains per plant (E 1 ), where the goodness of fit for nonepistasis model was revealed. The individual scaling test and joint scaling test were by and large in complete agreement with each other in reflecting the presence of epistasis. Failure of simple additive dominance model in most of the cases for different characteristics revealed that genetic variation which could not be ascribed to additive and dominance effects rather revealed the presence of epistasis. Therefore, six parameter model was followed to estimate gene effects and digenic interaction. 
Estimation of Gene Effects on Six Parameter Model
The characters which could not be explained on simple additive-dominance model were analysed on digenic epistatic model of Jinks and Jones (1958) . Estimates revealed the significance of additive gene effects (d) for days of 50% flag leaf emergence, number tillers per plant, plant height, peduncle length, and number of spikelets per spike, number of grains per spike, awn length, biological yield per plant and grain yield per plant in most of the crosses. Dominance effects (h) were significant for days to 50% flag leaf emergence, days anthesis, plant height, peduncle length, number of tillers per plant, number of spikelets per spike, number of grains per spike, 1000-grain weight, awn length, biological yield per plant, grain yield per plant and harvest index in most of the crosses. Invariably, the relative magnitude of (h) was higher than (d) in all the crosses for most of the characters. The importance of additive as well as dominance effects for most of the traits in wheat has already been reported by a number of workers; (Baksh et al., 2004; Prakash, 2005; Mostafavi et al., 2005; Ismail et al., 2006; Esmail, 2007 and Gurmani et al,.2007) .
The inheritance of quantitative traits become complex as the contribution of (h) to their inheritance becomes more (Mather and Jinks, 1982) . Also the sign of (h) has enhancing effects on expression in that particular direction. The negative dominance effects were noticed for almost all the characters. The digenic, interaction, i, j and l were found important for most of the characters. But the type and magnitude of epistatic effect varied from characters to character and cross to cross.
Considering individual digenic epistitic effects, additive x additive (i) effects appeared to be significant for grain yield per plant (E 1 ), number of grain per spike (E 2 ), peduncle length (E 2 ) in PBW 343 x WH 283. Similarly, significant (i) type of interaction was recorded for number of grains per spike (E 1 ) in PBW 343 x WH 542 for number of grain per spike (E 1 ), peduncle length (E 2 ), number of tillers per plant (E 2 ) in PBW 343 x PBW 435 and for 1000-grain weight in UP 2565 x UP 2425. Additive x dominance (j) type of gene effects were found significant in PBW 343 x WH 283 for peduncle length (E 1 ), days to anthesis and number of tillers per plant (E 2 );in PBW 343 x WH 542 for plant height (E 1 ), grain yield per plant (E 1 ) and days to anthesis (E 2 ); in PBW 343 x PBW 435 for plant height (E 2 ); in UP 2565 x UP 2425 for harvest index (E 1 ); in EIGN 1 x Raj 3765 for days to anthesis (E 1 ), number of tillers per plant (E 1 ) and grain yield per plant (E 2 ); in PBW 343 x WH 542 for number of tillers per plant (E 1 ) and number of grains per spike (E 2 ); in PBW 343 x PBW 435 for days to anthesis and number of tiller per plant (E 1 );in UP 2565 x UP 2425 for plant height (E 1 ); in EIGN 8 x UP2425 for number of tillers per plant (E 1 ), biological yield per plant (E 1 ) and plant height (E 2 ).
The crop improvement for traits controlled by complementary type epistasis (i) are easily exploitable, whereas those controlled by duplicate epistasis are difficult to exploit since in case of former type the association between the two parameter is positive (Singh and Pawar, 2005) . In the present study the estimate (h) and (l) had opposite signs in majority of all the six crosses for different characters which revealed predominance of duplicate type of epistasis. The epistasis effects were also reported for biological yield per plant (Yadav et al., 1988; Pandey and Singh 2003) , grain yield per plant, harvest index and other metric traits (Sharma et al., 2004) .
In certain cases, like in PBW 343 x WH 283 and EIGN 8 x UP 2425 for number of grains per spike (E1); PBW 343 x WH 542 for biological yield per plant (E1), grain yield per plant (E1) ,harvest index (E1), days to 50% flag leaf emergence (E2) and number of tillers per plant (E2); PBW 343 x PBW 435 for days to anthesis (E1), number of tillers per plant (E1); UP 2565 x UP 2425 for days to anthesis (E1) and EIGN 1 x Raj 3765 for number of tillers per plant (E1),the additive-dominance model was found to be inadequate, when these were subjected to six parameter model and failed to show any of the significant gene effects. This may be due to the presence of higher order interaction or G x E interaction or linkage.
For some traits in particular crosses (Table 1) , the additive-dominance model was found to be inadequate and in six parameter model failed to show significant gene effects. This may be due to the presence of higher order interaction or G x E interaction or linkage. Comparing estimates from the three parameters model joint scaling test to that of six parameter model it was observed that (d) and (h) from three parameter model were unquestionably biased due to the presence of epistasis. This might have led to the changes both in term of magnitude and direction of (h) and (d) in six parameter model. The estimates of (h) were more or less same for all the characters in both the models. The estimates of (d) and (h) were generally high in six parameter model. This discrepancy might be ascribed to relative change of C ii (error component) terms in inverse matrix.
Conclusions
Estimates of gene effects in present study revealed significant additive gene effects (d) for days of 50% flag leaf emergence, number tillers per plant, plant height, peduncle length, and number of spike lets per spike, number of grains per spike, awn length, biological yield per plant and grain yield per plant in most of the crosses. Likewise additive x additive (i) effects were found for grain yield per plant (E1), number of grains per spike (E2), for number of grain per spike (E1), peduncle length (E2), number of tillers per plant (E2) in PBW 343 x PBW 435 , for 1000-grain weight in UP 2565 x UP 2425, peduncle length (E2) in PBW 343 x WH 283 and for number of grains per spike (E1) in PBW 343 x WH 542. Both the additive as well as additive x additive gene effects being fixable (Novoselovic et al., 2004; Kaur and Singh, 2004) simple pedigree method followed by simple selection in crosses like PBW 343 x PBW 435, UP 2565 x UP 2425, PBW 343 x WH 283 and in PBW 343 x WH 542 will be useful for improvement of traits governed by such gene effects. However, for improvement of traits governed by dominance gene effects and, additive x dominance and dominance x dominance digenic interactions with prevalence of duplicate epistasis, some sort of intermating followed by selection in later generations will be advisable (Prakash, 2005; Singh and http://www.publish.csiro.au/journals/spjns Pawar, 2005) as release of additional genetic variability may express more additive and additive x additive effects.
